Attorney Docket No. 2267.502US03 
BEADLESS WELDING APPARATUS AND METHOD 
CLAIM TO PRIORITY 

This is a Continuation-in-Part of Application No. 09/528,402 filed on March 20, 2000, 
issuing as U.S. Patent No. 6,629,551 on October 7, 2003, which is a Continuation-in-Part of 
5 Application No. 09/295,103 filed April 18, 1999. These applications are incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus and method for welding thermoplastic tubular end 
10 portions. More particularly the invention relates to an apparatus and method particularly suitable 
for welding PFA (perfluoroalkoxy). 

Various means have been known for welding together the ends of thermoplastic pipes or 
tubes. U.S. Patent No. 3,013,925 discloses inserting a heated platen between the ends of lined 
pipes and causing the pipes to bear against the heated platen to fuse the plastic after which, the 
15 platen is removed and the pipes are pressed together under pressure until welding has occurred 
and the thermoplastic material hardens as it cools. U.S. Patent Nos. 5,037,500; 4,792,374; and 
5,484,506 all disclose exterior conduction heaters in which abutted tubular ends are peripherally 
heated to weld the ends together. 

U.S. Patent No. 4,929,293 to Osgar utilizes the placement of an infrared heating plate in- 
20 between and not contacting the tubular end pieces to be joined. The infrared heating plate is 
removed and the tube joints are then engaged together to create the weld. Although such a 
procedure provides a high integrity weld on PFA and other melt processable plastics, such a weld 
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typically leaves a deformation or a bead on the inner and/or outer surfaces of the joined tubular 
end portions. 

In many applications it is unacceptable to have any deformations in the joined tube 
particularly on the interior surface. In sanitary systems used in the food processing and 
5 pharmaceutical industries the standards of the U.S. Code of Regulations, 7 C.F.R. §58.128 
require a conduit be smooth, permit laminar flow of fluids and be free of discontinuities that 
could trap particulate matter. 

Traditionally, stainless steel tubing and pipe have been used in sanitary systems. 
However, due to corrosion, expense and other problems, plastic pipe and tubing are now seeing 
10 more use in such systems and PFA has the particular advantages of its high chemical inertness 
and resistance to the high temperature cleaning and sanitizing temperatures. 

Applicants are not aware of any conduction heat weld system that has peripheral contact 
with abutted tubular ends has been shown to be suitable for welding PFA. This is due to the 
difficulties associated with the higher melt temperatures of PFA (approximately 590° F) and the 
15 characteristics of PFA. For example, melted PFA sticks to many different materials that are 
commonly used in welding devices. Such sticking can render the completed weld defective and 
can cause significant operational problems with the weld equipment. Additionally, heating and 
melting of PFA produces fluorine gas which is highly corrosive to conventional materials utilized 
in fusion welding equipment. For example standard stainless steel quickly pits when exposed to 
20 fluorine gas. Additionally, PFA when melted expands and if constrained can develop extremely 
high pressures causing the PFA to leach out of the weld area into crevices or other undesired 
locations. 
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Also problematic with welding higher temperature melt processable plastics, such as 
PFA, is the extended cycle time for a weld. The typical generic steps for a weld are: 1) position 
the tubular end portions to be welded in the weld head; 2) close the weld head; 3) warm up the 
weld head and heater portion; 4) melt and weld the end portions; and 5) allow the welded part to 
5 cool; and 6) remove the welded component from the weld head. Conventional conduction 
heating heads utilize a pair of integral heater portions each of which extend longitudinally down 
the abutted tubular end portions and totally enclose the melt portion of the end portions. Such 
conventional weld portions are formed of stainless steel which has a relatively high thermal 
conductivity. This makes it difficult to isolate and minimize the melt zone which in turn effects 
10 the length of the cycle time. Moreover, in conventional weld beads and weld apparatus 
essentially all of the components are made of metal. This increases the warm-up period and the 
cool down period. With the elevated temperatures associated with PFA, these problems are 
exacerbated. 

Attempts have been made to reduce the cycle time of welding thermoplastic tubular end 
15 portions such as by providing heat sink arrangements and forced cooling. The high thermal 
conductivity of metals and particularly stainless steel minimizes the effectiveness of such 
measures and ancillary cooling equipment adds cost, complexity, and maintenance problems. 

A welding apparatus, system, and methodology is needed for creating beadless welds in 
plastic tubular end portions, particularly PFA, by conduction heating. Moreover, there is a need 
20 for reducing cycle time in welding thermoplastics. 

When tubular end portions of PFA are heated to beyond their melt point a minimal, 
although significant, amount of expansion of the molten PFA material occurs. When the tubular 



Attorney Docket No. 2267.502US03 
end portions being welded are tightly constrained this expansion causes the molten PFA to leach 
into any crevices or imperfections in the weld head and/or mandrel. Moreover, if the tubular end 
portions are secured in place after the weld is cooled there will typically be a narrowing of the 
material at the weld site. This can cause an hourglass shape and/or a reduced wall thickness at 
5 the juncture. Where the PFA has leached into minute crevices or imperfections, flashing may 
exist on the exterior or interior surfaces of the tube when the weld has cooled and is removed 
from the weld head. These would typically necessitate manual removal and in severe cases may 
make the welded components unusable in particular applications. Thus, a need exists for 
minimizing or reducing the currents of flashing, the reduced diameter at the weld juncture, and 
10 reduced wall thickness at the weld juncture due to the expansion and contraction of PFA during 
the weld operation. 

SUMMARY OF THE INVENTION 

A conduction welding apparatus and method for bonding abutted thermal plastic tubular 
15 end portions is particularly suitable for welding PFA. In a preferred embodiment, a folding weld 
head embraces the abutted the tubular end portions to be welded, each tubular end portion 
including a flange spaced from the surfaces to be joined. The weld head includes means for 
securing the flanges within the weld head and further include bias means. The bias means 
provide an inward axial bias on the adjoined tubular end portions when the tubular end portions 
20 are displaced axially outward from the weld head due to the expansion of the plastic during the 
weld process. The bias means in a preferred embodiment is substantially inoperative prior to the 
weld and provides bias, or a substantial increase in bias, when the flanges are displaced due to 
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the expansion of the molten PFA during the weld process. In a preferred embodiment, the 
securing means comprises a pair of clamps which each attach to and encompass the respective 
tubular end portions at the end portion flanges. The tubing clamps fit into recesses in the weld 
head. In such a preferred embodiment the bias means is provided by a spring loaded plate which 
5 is deflectable in an axial direction outward from the weld head. The invention also includes a 
process for accomplishing a weld with the described apparatus. 

In a preferred embodiment a layered composite heater portion provides a sharp 
temperature gradient from the weld juncture outward. The abutted tubular end portions are 
positioned at a central heated section of relatively narrow thickness in the axial direction with 

10 respect to the tubular end portions. The central heated section is preferably formed of two half 
sections each with a semicylindrical cavity. The two semicylindrical cavities form a cylindrical 
cavity for embracing the abutted end portions and may be hinged together. Sandwiched around 
the central heated section are a pair of isolating secondary sections layered adjacent to the central 
section. The secondary sections will similarly have semicylindrical cavities for receiving the 

1 5 tubular end portions. 

The central section is preferably comprised of a material of a substantially higher heat 
conductivity than the secondary sections. This facilitates rapid heating of the central heated 
section and slower heating of the secondary sections. The sandwiched sections may be suitably 
bonded or mechanically secured together. In a preferred embodiment, at least part of the tubing 

20 contact portion of the heater portion, such as the isolating secondary sections are comprised of a 
plastic with high temperature resistance. Alternatively, ceramic materials may be used at the 
secondary sections. The central section and outer sections may be of generally the same material 
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with different heat conductive characteristics; for example similar ceramic materials with a large 
difference in thermal conductivities or may be of very different materials such as copper or 
stainless steel for the central section and plastic for the secondary sections. 

In a preferred embodiment particularly useful for welding PFA, the abutted tubular end 
5 portions may be wrapped with an impervious sheet material such as a polyamide film. An object 
and advantage of the use of the wrap is that the weld head is isolated from the weld without loss 
of any significant heat transfer to the weld. Thus if the weld head is comprised of any materials 
susceptible to corrosion from the fluorine gas emitted by the melted PFA, such material are 
isolated from the gas. Moreover the sheet material operates to prevent the PFA from migrating 

10 out of the weld zone, for example, into the junctures of the heater portion layers. A further object 
and advantage of the use of the sheet material is that the weld has a smooth exterior finish. 

The heater head preferably comprises a body with a base portion with a first 
semicylindrical cavity and a folding portion with a cooperating second semicylindrical cavity to 
embrace the abutted tubular end portions. A heater portion is secured in each of the respective 

15 body portions and is sized to provide snug engagement with the exterior of the tubular end 
portions to provide heat to the juncture by conduction. The heater head has a pair of slots 
adjacent to the isolating secondary sections for receiving a pair of clamps which are configured to 
grasp the tubular end portions to be joined. The clamps are configured to either grasp the 
exterior cylindrical surface of the tubing portion or a flange that is integral with the tubular end 

20 portions of certain fittings/components. The clamps thus provide flexibility of joining flanged 
tubular end portion to flanged tubular end portion, unflanged portions to flanged portions, and 
unflanged portions to unflanged portions. Moreover, each of the clamps provide an inward 
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circumferential radial pressure on each of the end portions which is effective to hold the insert in 
place and maintain the centering within the end portions at the weld juncture during handling, 
placement in the weld head, and welding. To accomplish a weld the clamps are applied to the 
tubular end portions to be welded, an insert is placed in the tubular end portions and the end 
5 portions with attached clamps are then inserted into the heater head. The clamps are preferably 
formed of a heat resistant plastic such as a polyetheretherketone (PEEK). Such a material has a 
very low thermal conductivity and much lower than metals conventionally used in weld heads. 

The weld cycle of the weld system is preferably controlled by conventional automated 
means by a controller. Particularly for welding PFA, in order to minimize environmental effects 

10 such as the ambient temperature, the heater element may be initially heated and held to a first 
temperature below the weld temperature for a period of several minutes, the temperature is then 
lowered to a lesser amount for several minutes and then is rapidly ramped up to the weld 
temperature for sufficient time to accomplish the weld. The temperature is then ramped down 
and the joint and weld head are allowed to cool before removal of the welded component. The 

15 minimization of the use of metal in the weld head for the heater portion and the clamps allows 
the desired temperature to be approached quicker and allows the weld head and weld to cool 
quicker. The ramping down and holding the power level for several minutes before powering up 
to the weld temperature appears to allow the weld head temperatures to stabilize sufficiently 
under varying ambient conditions to provide consistently "good" welds. 

20 In a preferred embodiment of the invention, several different weld heads which are each 

configured for a specific tubing size are receivable in a receiver portion on a bench top base. 
This bench top base has adjustable universal tubing supports that do not require any additional 
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clamping of the tubing members into the support nor do the supports have to be adjusted in any 
way to provide proper height and alignment of the tubing. Each universal support is spaced from 
the receiver and the weld head for the bench top base. The various heater heads, each of which is 
adapted for a specific tubing size, are each placeable in the receiver on the base. Each heater 
5 head for a specific size tubing has a configuration to position the lowest portion of the outside 
diameter of tubing clamped in the head at the same relative elevation as the lowest point on the 
support surfaces of the universal tubing support. 

In a preferred embodiment of the invention, several different weld heads which are each 
configured for a specific tubing size are receivable in a receiver portion on a bench top base. 

10 This bench top base has adjustable universal tubing supports that do not require any additional 
clamping of the tubing members into the support nor do the supports have to be adjusted in any 
way to provide proper height and alignment of the tubing. Each universal support is spaced from 
the receiver and the weld head for the bench top base. The various heater heads, each of which is 
adapted for a specific tubing size, are each placeable in the receiver on the base. Each heater 

15 head for a specific size tubing has a configuration to position the lowest portion of the outside 
diameter of tubing clamped in the head at the same relative elevation as the lowest point on the 
support surfaces of the universal tubing support. 

Alternatively, inserts which include the heater portion which embraces the tubing to be 
welded, can be sized for placing the lowest point on the outside diameter of embraced tubing at 

20 the same relative elevation as the lowest point on the support surfaces of the universal tubing 
support. 

8 
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In a further alternative embodiment, the universal support can have a V-shape such that 
the supported tubing has two points of contact providing slightly more lateral stability. 

Thus, an object and feature of the system is to provide a readily adaptable portable or 
bench top conduction welding apparatus for various sizes of tubing which requires no adjustment 
5 of or mechanical manipulation of the tubing supports when different sizes of tubing are welded. 

Another object and advantage of particular embodiments of the invention is that metal to 
tubing contact is absolutely minimized or eliminated. This facilitates the use of less power per 
weld, minimizes cycle time, accelerates heating and cooling of the tubular end portions, keeps 
the exterior of the tubular end portions in better condition, and provides an environment very 
1 0 conductive to welding PFA. 

A principal object and advantage of particular embodiments of the invention is that the 
weld zone is minimized resulting in quicker cycle times. 

A feature and advantage of the invention is that the spring-loaded bias is provided only 
when the tubular end portions expand axially outward. 
15 A further advantage and feature of the invention is that structural anomalies at the weld 

site such as narrowed wall thickness, flashing, hourglass shape can be minimized or eliminated 
by the invention. 

Further object and advantage of the invention is that the weld head maintains its compact 
shape while still providing the bias during the weld process. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a weld head in accordance with the invention. 

9 
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FIG. 2 is a perspective view of a weld head on a bench fixture. 
FIG. 3 is a perspective view of a tube clamp in initial engagement with the cylindrical 
exterior surface of a tubular end portion. 

FIG. 3a is an elevational view of a tube clamp. 
5 FIG. 3b is a cross-sectional view taken at line 3b-3b of FIG. 3a illustrating a recess for a 

flange in the clamp. 

FIG. 3c is a cross-sectional view taken at line 3b-3b of FIG. 3a illustrating serrations in 
the clamp. 

FIG. 4 is a tube clamp shown in initial engagement with a flanged tubular end portion of 
10 aT-fitting. 

FIG. 5 is a perspective view of the tubular end portions and clamps of FIGS. 3 and 4 
abutted and with a film wrapped on the juncture. The assembly is ready for insertion into a weld 
head. 

FIG. 6 is a cross-sectional view of a weld head with abutted tubular portions, clamps, and 
15 an insert therein. 

FIG. 7 is a detailed cross-sectional view showing the interface between the heating 
portion and the abutted tubular end portions and the juncture. 

FIG. 8 is an exploded view of a heater portion half section. 

FIG. 8a is a perspective view of a heater portion half section of FIG. 8 assembled. 
20 FIG. 9 is cross-sectional view through the heater portion assembled taken at line 9-9 of 

FIG. 8a. 

FIG. 10 is an exploded view of an alternate embodiment of a heater portion half section. 

10 
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FIG. 1 1 is a perspective view of the heater portion half section of FIG. 10 assembled. 
FIG. 12 is cross-sectional view through the heater portion assembled taken at line 12-12 
of FIG. 11. 

FIG. 13 is an elevational view of a universal tubing support. 
5 FIG. 14 is a cross-sectional view of a welding apparatus. 

FIG. 15 is another cross-sectional view of a welding apparatus. 

FIG. 16 is an elevational view of a tubing support and cross-sectional view of weld heads 
showing the adaptive datum level concept. 

FIG. 17 is a chart showing the relative power levels corresponding to steady state 
10 temperatures plotted against time illustrating a weld cycle. 

FIG. 18 is a side elevational view of a further embodiment of a weld head in accordance 
with the invention. 

FIG. 19 is an exploded perspective view of the embodiment of FIG. 18. 
FIG. 20 is a cross-sectional view the apparatus of FIG. 18 taken at line 20-20. 
15 FIG. 21 is a detailed figure of a bias means of the embodiments of FIGS. 18-20. 



DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIGS. 1 and 2, a weld head 22 in isolation and a weld head 22 in place on a 
receiving region 25 on a bench top base 23 are illustrated. The weld head 22 is comprised 
20 principally of a weld head body 24 with two half body sections 26, 28, a heater portion 32 
comprised of two heater portion half sections 36, 38, a hinge 40, a toggle latch 42, and a handle 
44. 

11 
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Referring to FIGS. 3 and 4, a pair of tubular end portions are shown partially engaged by 
tubing clamps 50, 52. FIGS. 3a, 3b and 3c show further details of the clamps. The tubular end 
portion 55 of FIG. 3 reflects the end of conventional tubing and the tubing clamp 50 utilizes a 
plurality of circular serrations 58 for gripping the exterior surface 62 of the tubing 64. The clamp 
5 has a hinge 65 and a pair of toggle latches 66 for securing the clamp on the tubular end portion. 
The clamps as shown may suitably be manufactured from polyetheretherketone (PEEK). 

Referring to FIGS. 4 and 3b, a tubing clamp is shown which has a recess 70 sized to 
engage a flange 74 which is integral with the tubular end portions 76 of certain fittings such as 
the T-fitting 80 as shown in FIG. 4. 

10 FIG. 5 shows the tubular end portions of FIGS. 3 and 4 abutted together with an insert, 

not visible in this view, placed at the juncture 80 of the abutted end portions. The juncture is 
covered with a piece of flexible impervious sheet material 84. Said sheet material may be 
formed in an elongate strip and secured on the tubular end portions by an adhesive such as 
cyanacrylic adhesive. The strips of flexible impervious sheet material 84 are in one preferred 

15 embodiment comprised of Kapton® film type HN with a thickness of .002 inches to .005 inches. 
Kapton is a registered trademark of DuPont Electronics and is a polyamide film. Other types of 
pervious sheet material that are tolerant to the weld temperatures may also be quite suitable, for 
example, stainless steel, aluminum, or nickel foils all appear to be suitable for covering the weld 
juncture if desired. 

20 Referring to FIGS. 5 and 1, the abutted tubular end portion assembly 99 is inserted in the 

semi-cylindrical cavity 90 and simultaneously the tubing clamps are received in the slots 94. The 
upper half body section 26 is closed and clamps down upon the abutted end portions. See FIG. 2. 

12 
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The heater head has a power cord 100 with a connector 102 which connects to a control unit 106 
which suitably may control the welding process. The tubular end portion 55 is part of a tubing 
section 110 which is to be welded to the "T" fitting 80. An adjustable universal tubing support 
112 holds the tubing section. The weld head of FIG. 2 is shown hinged away from the handle 49 
5 compared to the alternate configuration of the hinge adjacent the handle in FIG. 1 . 

Referring to FIG. 6 a cross-sectional view of the weld head and tubular end portions 
assembly is illustrated along with an insert to prevent the creation of an inner bead. Also 
illustrated is the placement and relationships of the tubing clamps 50, 52 to the weld head as well 
as the relationship of the heating portion 32 including the central heated section to the tubular 

10 end portions and specifically to the juncture 80. The two heater portions half sections 36, 38 are 
shown in detailed in FIG. 7 through 9 and comprise central heated section 120 and a pair of 
secondary isolation sections 124, 126. The heater portion 32 has a cylindrical bore 127 and two 
axial sides 128, 129. A conventional heater cartridge 130 fits within the recess 132 in the 
widened portion 134 of each the central heated section. As is evident from FIG. 5 the isolation 

15 secondary sections sandwiched are preferably chosen of a material which is of a lower thermal 
conductivity than the central heated section. This then provides for resistance in the equalization 
of the temperature of the secondary sections to the central section and thereby creates a sharp 
temperature gradient and limits the size of the melt zone. 

The clamps 50, 52 are illustrated as reflecting inward by way of compressive force in the 

20 tubular end portions on each side of the insert 1 36. This facilitates the proper centering of the 
insert in the tubular end portion assembly. Moreover, it functions to securely hold the assembly 
in place. 

13 
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FIG. 8, 8a, and 9 illustrate a suitable configuration for a heater portion as also illustrated 
in FIG. 6. 

As discussed above the central heated section 120 is formed of a material having a high 
thermal conductivity. In order to maintain a sharp thermal gradient between the weld zone and 
5 the surrounding areas the secondary isolation sections 124, 126 are formed of material having a 
substantially lower thermal conductivity. It is desirable that the difference in thermal 
conductivities be as great as practical. Preferably the materials are selected so that the central 
heated section 120 is formed of a material that has a thermal conductivity greater than about one 
thousand BTU-inch/Foot 2 -hour-degree F. More preferably, the central heated section 120 is 

10 formed of a material that has a thermal conductivity greater than about two thousand BTU- 
inch/Foot 2 -hour-degree F. 

Desirably, the secondary sections 124, 126 are formed of a material that has a thermal 
conductivity less than about one hundred BTU-inch/Foot 2 -hour-degree F and, more preferably, 
the secondary sections 124, 126 are formed of a material that has a thermal conductivity less than 

1 5 about twenty BTU-inch/Foot 2 -hour-degree F. 

Generally, it is preferred that the thermal conductivity of the central heated section 120 be 
formed of a material that has a thermal conductivity that is one to three orders of magnitude 
greater than that of the secondary isolation sections 124,126 when the thermal conductivity is 
expressed in units of BTU-inch/Foot 2 -hour-degree F. 

20 In an ideal embodiment, the central heated section 120 is comprised of machined copper 

and may have a plating 142 of monel or similar material. Copper has been found to adhere 
somewhat to the melted PFA and a stainless steel or monel coating is is effective to minimize 

14 



Attorney Docket No. 2267.502US03 
such adhesion. Ideally the isolating secondary sections may be formed such as by machining of 
high temperature polymers such polyamide. Vespel® brand of polyamide available from and 
manufactured by Boedeker Plastics, Inc. out of Shiner, Texas, is suitable for the secondary 
sections. Vespel® has a thermal conductivity rating of 8.3 BTU-inch/Foot 2 -hour-degree F. 
5 An alternative suitable material is Celazole® PBI polybenzimidazole) available from 

Boedeker Plastics, Inc. of Shiner, Texas. Celazole® has thermal conductively ratings of 2.4 and 
2.8 BTU-inch/Foot 2 -hour-degree F. This compares to the thermal conductivity of copper of 
2,730 BTU-inch/Foot 2 -hour-degree F). These particular plastic materials also provide excellent 
resistance to sticking to the molten thermoplastics and particularly PBT. Referring to FIG. 7, an 

10 illustration of the melt zone 154 is provided. The melt zone is shown centered about the central 
heated section 120 and extending axially from said heated section to lie adjacent and in contact 
with the secondary sections 124, 126. The melt zone may vary in size although it has been found 
that for one-inch PFA tubing a melt zone of 1/4 inch is suitable. The thickness of the heated 
section at the bore 127 has been found to suitably be .015 inches thick measure in the axial 

15 direction. The melt zone will extend out to the region adjacent the secondary sections. 
Conventional conduction heating equipment cannot provide isolation of the heat provided to the 
juncture and control and limit the melt zone to the degree that is possible utilizing a layered 
heater portion with optimal selection of materials with the highly differentiated thermal 
conductivities. 

20 In addition to the use of copper as the central heated section and high temperature plastics 

as the secondary sections, other materials are suitable. For example, ceramic materials are 
available that have relatively low thermal conductivities suitable for the secondary sections and 

15 
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higher thermal conductivities suitable for the central section. Referring to FIGS. 10, 11, and 12, 
a suitable configuration for such a ceramic heater portion 160 is disclosed. In this case, a heater 
element could be a stainless steel or other metallic wire 162 which is mechanically or otherwise 
engaged with the central heated section 166 which has the T-shaped cross-section. This heated 
5 section 166 is sandwiched intermediate the secondary sections 170, 172. The ceramic sections 
can be suitably bonded together to form the single unit as shown in FIGS. 11 and 12. Other 
materials are usable and which would have the similar advantages as discussed above. 

Referring to FIGS. 2, 13, 14, 15, and 16, the aspect of the invention relating to the 
universal tubing supports and weld heads with tubing datum level adaptation are illustrated. The 

10 tubing datum level 182 for differing tubing sizes is either fixed for the tubing support 186 with 
the U-shaped tubing support surface 188 as illustrated in FIG. 13 or can vary when a tubing 
support 190 with a V-shaped tubing support surface 192 as illustrated in FIG. 16 is utilized. 
With the V-shaped support surface the tubing of the first size, the smaller diameter tubing 194, 
nests farther down in the "v" with a first datum level 195. The tubing of the second size, the 

15 larger diameter tubing 196, is higher and defines a second datum level 197. With the U-shaped 
surface the smaller diameter tubing 194 and the larger diameter tubing 196 will have the same 
datum level 182. Both the U-shaped and V-shaped surfaces have downwardly converging side 
surfaces 198. 

Referring to FIGS. 14 and 15, a first and second weld heads 199, 200 are shown which 
20 are adapted for the first and second tubing sizes respectively and the U-shaped universal tubing 
support 186. Referring to FIG. 16, first and second weld head upper portions 201, 203, are each 
adapted, for the first and second tubing sizes respectively and the V-shaped universal tubing 

16 
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support 190. For both the V-shaped support of FIG. 16, and the U-shaped support of FIG. 13, the 
first weld head 199 or the first weld head upper portion 201, for the first tubing size is adapted to 
the first datum level, that is, the datum level of the smaller tube such as by having a shorter base 
202 than for the larger tubing size. The second weld head 200 and second weld head upper 
5 portion 203 are adapted to the second datum level. Other means of adapting a weld head for a 
specific tubing size to the appropriate datum level for that tubing size will be apparent to those 
knowledgeable in the art. FIG. 16 illustrates the weld head lower portion 210 which receives the 
weld head upper portions 201, 203 at location 212. Such tubing supports 186, 194 and weld 
head components may suitably formed of aluminum or other materials. 

10 Referring to FIGS. 2 and 17, the weld cycle of the weld system is preferably controlled by 

conventional automated controller means. Such controllers are well known in the art. The heater 
element may be a conventional heater cartridge. Particularly for welding PFA, in order to 
minimize environmental effects such as the ambient temperature, the heater element and heated 
section is initially powered up with sufficient current to approach a first temperature that is 

15 substantially below the weld temperature, for example approximately 350° F. FIG. 17 illustrates 
a temperature curve corresponding to the power being provided to the heater cartridge. The 
actual temperature of the heated section will lag behind to reflect the curve of dashed lines. 
Moreover, the temperature of the heater head body will lag substantially further behind and 
would due to heat loss would likely never reach the temperature corresponding to a particular 

20 power level. Said sufficient power is sustained for a warm up period of approximately two 
minutes. The temperature is then ramped down to approximately 210° F for several minutes and 
then is rapidly ramped up to the weld temperature of approximately 750° F and is held there for 

17 
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sufficient time to accomplish the weld, perhaps eleven minutes. The temperature is then ramped 
down to ambient and the joint and weld head are allowed to cool, for perhaps 8 to 10 minutes, 
before removal of the welded component. These power levels, temperatures, and times have 
been determined to result in satisfactory welds of PFA. 
5 The minimization of the use of metal in the weld head for the heater portion and the 

clamps allows the desired temperature to be approached quicker and allows the weld head and 
weld to cool quicker. 

Referring to FIGS. 18-21 a weld head generally indicated with the numeral 224 is 
illustrated. The weld head 224 has a weld head body 225, a pair of weld head portions 
10 configured as weld head halves 228, 230, a pivotal latch 236, a threaded handle 238 which 
cooperates with a pivotal pin 240 to accomplish the latching and clamping of the two halves of 
the weld head. 

The weld head has recesses 250, 252 for receiving the tubing clamp portions, such as 
discrete removable clamps as shown in the previous FIGS. 1, 3, and 6. In alternate embodiments, 

15 the clamp portions may be generally nonremovable clamp portions affixed to the balance of the 
weld head. The recesses, the structure defining the recesses, and tubing clamps comprise 
securing means for gripping the tubular end portions. The structure defining the recess includes 
outer deflectable plates 260, 262, 264, 266. These deflectable plates are secured in place by a 
plurality of bolts 266 which are threadably attached to the four plates. The bolts extend through 

20 holes 272 in the respective body portions and coiled springs 277 operate to hold the deflectable 
plates 260 in the initial position shown in FIG. 20. With outward axial pressure provided to the 
deflectable plates by way of the tubular clamps placed in the recesses said deflectable plates may 

18 
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deflect to the position indicated by the dotted lines labeled with the numeral 280. When the 
tubular end portions are in their normal position, as shown by the solid lines of FIG. 20, the 
springs are providing no bias to the abutted tubular end portions. There may be a nominal 
component of bias provided by positioning of the clamps in the recesses with no deflection. The 
bias means provided by the springs present a distinct component of bias that takes effect 
substantially on displacement or deflection of the plates as they extend to the position 280. 

At said position the coiled springs are folly compressed and the axial pressure provided 
on the tubular end portions could be suitably 100 pounds for a 1 inch PFA tubing weld. Such 
retention provides a high quality weld where the deficiencies of narrowed wall thickness, hour 
glass shape, and flashing are reduced or eliminated. 

Note that as shown the springs are "captured" such that they are providing bias only when 
further compressed from their captured state. See FIG. 21. 

The present invention may be embodied in other specific forms without departing from 
the spirit or essential attributes thereof, and it is therefore desired that the present embodiment be 
considered in all respects as illustrative and not restrictive, reference being made to the appended 
claims rather than to the foregoing description to indicate the scope of the invention. 
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